Objective: Cystic fibrosis (CF) is a common autosomal recessive genetic disease caused by a mutation in the CF transmembrane conductance regulatory (CFTR) gene. This study attempted to identify the most common CFTR mutations and any correlations between certain mutations and the clinical presentation of the disease in CF patients in southwestern Iran.
Introduction
Cystic fibrosis (CF) is a common autosomal recessive genetic disease caused by mutation in the CF transmembrane conductance regulatory (CFTR) gene. Missing or defective CFTR gene products in patients with CF lead to multiorgan dysfunctions such as severe lung disease, pancreas dysfunction and elevated sweat chloride [1] . Cystic fibrosis is less common among African, American and Asian people than among northern Europeans [2] .
To date, 1932 mutations have been reported in the CFTR gene worldwide [3] . The most common CFTR gene mutation is ΔF508, which accounts for about 30% to 80% of all mutant alleles worldwide [1] . The frequency of this mutation is reportedly between 16% and 23% in different parts of Iran [4] [5] [6] [7] [8] .
Because the type and distribution of these mutations vary widely among populations [3] , this study attempted to identify the most common CFTR gene mutations in patients in southwestern Iran with CF and search for correlations between 
Subjects and Methods
This cross-sectional study was conducted over a period of three years from 2009 to 2012 in southwestern Iran. The diagnosis of CF was based on the typical clinical features of the disease and two abnormal sweat chloride values (>60 mEq/L). Patients with CF were included in this study after written informed consent was obtained from the patients themselves (if ≥18 years old) or their parents (of <18 years old). The study protocol was approved by our University Ethics Committee.
Demographic data including sex, age of diagnosis, early clinical symptoms, family history of CF and consanguinity for parents were collected. The clinical presentation of CF was classified as respiratory symptoms (purulent sputum, chronic cough, bronchiolitis, recurrent pneumonia, recurrent wheeze, atelectasis, bronchiectasis, hemoptysis, recurrent sinusitis or cor pulmonale), gastrointestinal symptoms (steatorrhea, liver disease, intestinal obstruction, diarrhea, constipation, meconium ileus or growth failure) or other symptoms (dehydration, heat exhaustion, CF-related vasculitis or diabetes mellitus).
Genomic DNA was extracted from 200 µL of whole blood with the QiaAmp DNA Mini Kit (Qiagen, Valencia, CA, USA) and 29 common CFTR gene mutations (D1152H, 1717-1G>A, G542X,  W1282X, N1303K, ∆F508, 3849+10kbC>T,  394delTT, 621+1G>T, S1251N, G551D, R117H,  R1162X, R334W, A455E, 2183AA>G, 3659delC,  1078delT,  ∆I507,  R347P,  R553X , E60X, 3120+1G>A, 2789+5G>A, 1898+1G>A, 711+1G>T, G85E, 2184delA and R560T) were analyzed with the ELUCIGENE CF29 v. 2 kit using four multiplex PCR. The ∆F508 mutation was further characterized as heterozygous or homozygous with this kit. Direct frequency counts and descriptive statistics were used here to report the clinical and genetic features.
Findings
Forty-five patients with CF (27 males and 18 females) from southwestern Iran were included in this study. At diagnosis our patients ranged in age from one month to 19 years; 82% of them were under 2 years old at the time of diagnosis. Their early clinical symptoms are summarized in Table  1 . As shown, most patients with CF had respiratory symptoms. 
27 (60%) Undefined Parental consanguinity was found in 40 patients (89%) and a family history of CF was reported by 15 patients (37%) in this group. A CFTR gene mutation was detected in 18 patients (40%). The frequencies of the mutations we detected are summarized in Table 2 . Fig 1 shows the results of molecular analysis of one of the patients. The most common mutation was ∆F508, with an allele frequency of 21%. The homozygous ∆F508 mutation was observed in eight patients (18%), and three patients (7%) were ∆F508 carriers. Compound heterozygous mutations were found in two ∆F508 carriers.
Discussion
Defects in the CFTR gene are the main cause of CF, and molecular analysis of this gene is important for the differential diagnosis. However, the type of CFTR gene mutation has little effect on the age of onset and clinical presentation of the disease [9] .
The results of this study showed no correlation between the mutations we detected and the clinical presentations in our patients. Therefore, clinical signs of CF are still the best guide for diagnosing the disease, and should be taken into account by pediatricians. Our results document a 1-to 2-year delay between the first clinical presentation and the diagnosis of CF. Delayed diagnosis remains a problem which usually results in progressive disease and even irreversible changes [10] .
Cystic fibrosis, with a prevalence of 1 in 2500, is considered a common disease among Caucasians. The carrier rate of CF is reported to be about 1 in 25 among Caucasians with no family history [11] .
Because consanguinity is known to be the main cause of genetic disorders [12] , a high carrier rate implies greater risk in populations with high levels of consanguineous marriage, including some ethnic groups in Iran. The overall rate of consanguineous marriage among Iranians is reportedly 38.6% [13] , and ranges from 30% to 85% in different parts of the country [14] . In our sample, 89% of the patients belonged to consanguineous families.
Unlike European countries and in agreement with other reports from Iran, the frequency of ∆F508 was around 24% in our sample of patients with CF. We found no new CFTR gene mutations in this study, and all the mutations reported here have been previously reported in different parts of Iran [4] [5] [6] [7] [8] .
Although no accurate data are available regarding the prevalence of CF in different parts of Iran, the disease appears not to be rare in this country [5] . To reduce the frequency of new cases of CF, genetic counseling before marriage and prenatal diagnosis for families with one or more affected children are necessary. Considering the high number of mutations in the CFTR gene and the heterogenous distribution of these mutations among different populations, determining the most common mutations in each area is necessary in order to design effective local diagnostic kits. Our results showed that a commercial kit designed to detect 29 different mutations failed to identify any CFTR gene mutations in 60% of our patients with CF.
Conclusion
To design an effective domestic kit, the entire CFTR gene should be sequenced and all CFTR gene rearrangements should be identified to detect prevalent and specific local mutations [15] . Such a kit would be helpful not only for the reliable diagnosis of CF but also for premarital genetic counseling and prenatal diagnosis.
